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ABSTRACT 



The present invention provides a method and apparatus for 
computer graphics system users or other functions in a 
graphical display system, to trade off object image rendering 
speed for object image texture quality. This trade-off is 
accomplished by providing control signals to the adaptive 
texture mapping controller which indicate the level of tex- 
ture quality that the user or other function desires. Upon 
recognizing these control signals, the adaptive texture map- 
ping controller selects a computation method to be used in 
generating pixel values necessary to provide the desired 
level of image texture quality. An appropriate method is 
determined for calculating the end points of span sections of 
scan lines to be used for the display, based upon a function 
of the knot parameters which correspond to the vertices 
which describe each edge of a polygon section of the 
projected object and one or more of the control signals 
provided, and then an appropriate interpolation method is 
determined for calculating the pixel values for pixels on 
each span chosen. The selected interpolation method is 
based on a function of the span end points and one or more 
of the control signals provided. These functions of the 
distance between knot parameters on a polygon edge or the 
distance between end points of a span can be mathematical 
functions of pairs of knot parameters or pairs of end points 
respectively. 

21 Claims, 8 Drawing Sheets 
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METHOD AND APPARATUS FOR AN 
ADAPTIVE TEXTURE MAPPING 
CONTROLLER 

This is a file wrapper continuation of application Ser. No. 
08/041,073, filed Apr. 1, 1993 now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

Hie invention relates generally to the field of Computer 
Graphics and to computer controlled imaging systems and, 
more particularly, to a system for adaptively controlling 
quality/processing-speed trade-offs in mapping texture onto 
object images for display. 

2. Description of the Prior Art 

The goal of systems known in the prior art in the field of 
Computer Graphics has been to provide the finest possible 
quality of texturing and lighting of computer graphic images 
at the lowest possible processing cost. To date, certain 
mathematical models employed provide excellent quality 
but are nevertheless expensive in terms of processing cost, 
whereas other models provide lesser quality but are rela- 
tively fast (inexpensive) in image rendering. Those which 
provide excellent quality usually calculate a texturing value 
for every pixel of every scan line of the video display of the 
object, whereas the faster methods make use of some type of 
interpolation scheme for minimizing the numbers of discrete 
pixel values that must be calculated. Whichever method is 
employed in a particular Computer Graphics system, the 
user is constrained to use that method. That is, if the user has 
a graphics system that provides high quality texture mapping 
but which is slow in rendering the texture mapped images, 
he has no option to select lesser quality but faster rendering. 
If he wishes faster rendering he must load a different 
graphics program that uses a different texture mapping 
scheme, or perhaps use a different machine that has imple- 
mented a graphics engine system with a faster texture 
mapping procedure. 

For purposes of further discussion, the following defini- 
tions will apply: Texture is defined as a modulation of color, 
intensity, surface normal, transparency, or other surface 
property applied to a surface of a graphics object in such a 
way that the pattern appears attached to the surface as the 
viewpoint and perspective varies. For example, an image of 
woodgrain could be mapped onto a polygon to simulate a 
hardwood floor. The image of woodgrain is typically rep- 
resented by a table of values referred to as a texture map. In 
general, texture maps are maps which store a set of values 
which represent a predetermined coloring, pattern or other 
predefined feature which is to be used to embody the texture 
on a graphics object. The combination of the graphical 
representation of the object and the embodied texture then 
forms a composite which is displayed, pixel by pixel, on a 
typical video monitor. This process is more fully described 
with reference to FIG. 1. Depicted in FIG. 1 is a display 
screen 102 shown displaying a textured object 116, con- 
nected to a frame buffer 104 which contains a pixel by pixel 
bit map of the object 117, a combinor module 112, a texture 
map memory section 110, a model coordinate space section 
105, an object projection memory section 106 and a texture 
calculator 108. In FIG. 1 the frame buffer 104 contains a 
value in each location which corresponds to a pixel on the 
display screen. This value, called the "pixel value", contains 
data which causes the particular color of the corresponding 
pixel on the display screen. The problem of displaying an 
object on a display screen showing some texture on the 



:,141 
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displayed object, is to find a way to modify these pixel 
values so that the resulting data output to the screen creates 
the impression of texture on the object. In general, this is 
done by first converting the image of the object by projecting 
5 it into a two dimensional array, much like the globe of the 
earth is converted into a two dimensional map. In this 
process the coordinates of certain points on the object (for 
example, the coordinates of the vertices of the triangle 118 
shown on the object image in the model coordinate space 
10 1^5) are translated into the coordinates of the corresponding 
vertices of the projection triangle 120 in the object projec- 
tion memory section 106. These vertices of the projection 
triangle 120 are then passed to the texture calculator 108. 
The texture calculator 108, using the coordinates of the 
15 projection vertices and other data about what kind of texture 
to apply, will extract texture values from the appropriate 
section of the texture map 110 corresponding to each pixel 
required for the display of the object. The texture calculator 
108 will initially obtain texture values corresponding to the 
20 vertices of the projected triangle 120 and thereafter will 
calculate the texture value of all intermediate pixel locations 
within the projected triangle in some manner. This may be 
by linear interpolation between the vertices values or by 
some other calculation method. In any case, the texture 
25 values corresponding to all pixels of the projection triangle 
122 (or in general, of the projected polygon) are passed to 
the combinor module 112 which combines these texture 
values with any existing pixel values for each pixeMo be 
displayed: This cbmbined~sef of pix^^aXue^l26Js ^en \ 
30 passed to the frame buffer 104 which drives the display v of N 
the textured object 116. In some computer graphics systems, 
the texture values themselves are not contained in a pre 1 - 
/ stored table, such as the texture map 110 described above^\ 
/ but rather are calculated or derived from a mathematical^ 
35 j function which^ is used to model Jhe ^associated ~ texture^ 
; values. *This process is ^called prpceduraLor solid- texturing. ; ^ 
■ These calculated or generated texture values would just be il 
ipassed directly to the combinor module 112 for each pixel to Jj 

be- displayed: — 1 .77- ' 

40 r In many computer -graptas~systems,4te 

\is a two dimensiohaI"array of texture values. The map is 
iepmputed off-line and stored in a texture map memory in the 
j'image generator. The texture value or "texel" associated 
j with a particular pixel is used to modify the intensity or^the 
45 j color of the pixel. The texture map can be a two or three 
j dimensional table of sampled data. This tabular texture map 
resides in its own (u,v) or (u,v,w) coordinate space. As 
I indicated^tl'^LText^^may^lso be defined procedurally 
| More generally, Texture 'mapping meansThe mapping of a\ 
50 S function ~onto~ a~ surface" in 'three dimensions (3D).__The\l 
I doma^Ttf^ 

|an4 it can be rep resented.by_eithec an. array or a mathematif 
Cj^aL function. Texture space is usually labeled (u,v), and j', 
' object space (x,y,z). For a summary^description-of-Texture J \ 

55 and -feture Mapping see the article "Texture" by Franklin 
N C. Crow, on pages 159-187 of the book titled "Computer 
Graphics Techniques: Theory and Practice", David F, Rodg- 
ers and Rae A. Earnsbaw, Editors, Sp ringer- Verlag 
Publishers, 1990, and for a general overview of Texture 

60 Mapping methods, see the article "Survey of Texture Map- 
ping" by Paul S. Heckbert, IEEE Computer Graphics and 
Applications, 6(11), November 1986, pp. 56-67. 

One example of a Texture Mapping system is disclosed in 
U.S. Pat. No. 5,097,427 issued Mar. 17, 1992 to Lathrop et 

65 al. (See FIG. 2). This 427 patent discloses a Texture Map- 
ping system which makes use of an interpolation device for 
interpolating texture values between an initial set of image 
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pixel values. The interpolation device used is described in pixel values for pixels on each span chosen, based on a 
U.S. Pat. No. 5,109,481 issued Apr. 7S, 1992 to Lathrop et function of the span end points and one or more of the 

al (shown in Fl G. 3) which is incorporated by reference into control signals provided. These functions of the distance 

the 427 patent. between knots on a polygon edge or the distance between 

This Lathrop system is typical of most prior art graphical * end points of a span can be mathematical functions of pairs 

display systems in that the system user is stuck with using of knots or pairs of end points respectively, 

the the interpolation schemes provided. If for some reason, The present invention may also be embodied in a com- 

the user wanted the texture quality that could be provided by puter program product having the ability to perform the 

actually calculating the texture value at each pixel, he could methods and processes of the invention, 

not have the system do it that way. Some graphical systems 10 

users indicate a desire at times to display the image at the DESCRIPTION OF THE DRAWINGS 

highest quality, being willing to accept a slower response « «. ~ , , 

associated with a calculation for each pixel; and at other ™ C objccts ' fcaturc f 1 a ? d ^^ges ^of the system of the 

times, being willing to accept the image displayed with a P^ent invention will be apparent from the following 

lower quality texture but as rapidly as possible (which 15 description in which: 

means with as much interpolation as possible). For example, FIG * 1 illustrates a general prior art depiction of the 

in many situations there is a need for time critical rendering texture mapping process. 

where there is only a fixed amount of time available to FIG. 2 illustrates a prior art hardware texture mapping 

render the image. Ideally, it is preferred to have an image system. 

which, when first rendered, is an outline or simplification of 20 F IG. 3 illustrates a prior art hard wired interpolation 

the overall object. Then, as time progresses, the image system. 

coalesces toward a highly accurate representation. Applica- d icts lhe texture { tem of nG % ^ 

lions such as this are being encountered in real-time multi- the addition of the Ad {ve TextUfe tapping Controller of 

media environments where full motion video or interactive tne present invention 

3D graphics operate in a time limited space. In other cases, 25 * 

where the display has thirty (30) or more frames per second, FIG * 5 deplcts the ma J or mod ^ es of the present invention, 

the trick used by the film industry when the eye of the viewer FIG - * depicts a specific implementation of the invention 

does not need a full frame at each time step, can be used to ^ depicted in FIG. 5. 

reduce the time to generate a sequence of displays by FIG. 7 depicts the present invention concepts of primitive, 

reducing the level of detail displayed every other or every 30 knots, span and pixel as used in this invention. 

third frame. Methods to provide this type of functionality FIG. 8.is a flowchart of the interpolation method selection 

require dynamically modifiable texture mapping not now process of the present invention. 

found in the prior art. Accordingly, the Adaptive Texture 

Mapping Controller of the present invention provides an NOTATIONS AND NOMENCLATURE 

adaptive, flexible control of the texture mapping mechanism, 35 ^ ^ M 

based upon a quah y/perfemance trade-off criterion, ^ tenns Q f program ; rocedures executcd OD { co £ ter or 

nfmmM^ lki^zss procedural descriptions and 
representations are the means used by those skilled in the art 

SUMMARY OF THE INVENTION to most effectively convey the substance of their work to 

The present invention provides a method and apparatus others skilled in the art. 

for an adaptive texture mapping controller which provides a A procedure is here, and generally, conceived to be a 

way for computer graphics system users or other functions self-consistent sequence of steps leading to a desired result, 

in a graphical display system, to trade off object rendering These steps are those requiring physical manipulations of 

speed for object texture quality. This trade-off is accom- 45 physical quantities. Usually, though not necessarily, these 

plished by providing a set of control signals to the adaptive quantities take the form of electrical or magnetic signals 

texture mapping controller which indicate the level of tex- capable of being stored, transferred, combined, compared, 

ture quality that the user or other function desires. Upon ancl otherwise manipulated. It proves convenient at times, 

recognizing these control signals, the adaptive texture map- principally for reasons of common usage, to refer to these 

ping controller selects, from a collection of computation 50 signals as bits, values, elements, symbols, characters, terms, 

methods provided, a computation method to be used in numbers, or the like. It should be noted, however, that all of 

generating pixel values necessary to provide the desired tnese and similar terms are to be associated with the appro - 

level of texture quality. priate physical quantities and are merely convenient labels 

The adaptive texture mapping controller may be applied applied to these quantities, 
to a system having a hierarchy of levels which require image 55 Further, the manipulations performed are often referred to 
parameters to be calculated. For each level the adaptive in terms, such as adding or comparing, which are commonly 
texture mapping controller is able to determine an appro- associated with mental operations performed by a human 
priate method for calculating the required image parameters. operator. No such capability of a human operator is 
For a first hierarchical level, the adaptive texture mapping necessary, or desirable in most cases, in any of the opera- 
controller is able to determine an appropriate method for 60 tions described herein which form part of the present inven- 
calculating the end points of span sections of scan lines to be tion; the operations are machine operations. Useful 
used for the display, based upon a function of the knot machines for performing the operations of the present inven- 
parameters which correspond to the vertices which describe tion include general purpose digital computers or similar 
each edge of a polygon section of the projected object and devices. 

one or more of the control signals provided. For a second 65 The present invention also relates to apparatus for per- 

hierarchical level, the adaptive texture mapping controller is forming these operations. This apparatus may be specially 

able to determine an appropriate method for calculating the constructed for the required purposes or it may comprise a 
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general purpose computer as selectively activated or recon- mils new address or address incrementation data to memory 
figured by a computer program stored in the computer. The controller 80. The interpolation module 40 includes a for- 
procedures presented herein are not inherently related to a ward differencing calculator 48, a direct interpolation cal- 
particular computer or other apparatus. Various general culator 44 and a spline interpolation calculator 46. The 
purpose machines may be used with programs written in 5 forward differencing calculator 48 comprises various direc- 
accordance with the teachings herein, or it may prove more tion t al calculation modes. Interpolated pixel values generated 
convenient to construct more specialized apparatus to per- bv interpolator element 40, and address bits from memory 
form the required method steps. The required structure for a controller 80, are transmitted to VRAMs 50 where the pixel 
variety of these machines will appear from the description values are fed to me vldeo ^S 1131 generator 60. The inter- 
given. 10 polation processes used eliminate the necessity of calculat- 
ing illumination, and texture values for each pixel in the 
DESCRIPTION OF THE PREFERRED display, and accordingly increases computational efficiency 
EMBODIMENT and speed. 

In the following description, for purposes of explanation, Referring now to FIG. 4, the texture mapping system 

specific data and configurations are set forth in order to 35 previously described in connection with the Lathrop 427 

provide a thorough understanding of the present invention. patent is shown as an example of how it would be modified 

The preferred embodiment described herein is implemented by the inclusion of the present invention in an exemplary 

as a prototype in the XGL 3.0.1 Graphics System created by embodiment. It will be understood that this is an exemplary 

Sun Microsystems®,Inc. (Sun Microsystems is a registered description for illustrative purposes. The Adaptive Texture 

trademark of Sun Microsystems, Inc.) However, it will be 20 Mapping Controller 90 of the present invention is shown 

apparent to one skilled in the art that the present invention coupled to the Bus 42 and to the texture manager 4 at several 

may be practiced without the specific details described in places 93, 94 and 95. In this exemplary embodiment, the 

this implementation and may be implemented in various Adaptive Texture Mapping Controller 90 would receive 

computer systems and in various configurations, or makes or control signals 92 from the Bus 42, and have access to object 

models of tightly-coupled processors or in various configu- 25 coordinates and higher order primitives such as lines and 

rations of loosely -coupled multiprocessor systems, or in a polygons via the bus 42. The Adaptive Texture Mapping 

stand alone workstation. Moreover, it will be clear to those Controller 90 would determine the desired interpolation 

skilled in these arts that the present invention may be methods based upon the control signals received and would 

practiced without the specific details described herein. Well- then pass the method instructions to the texture interpolation 

known circuits and structures are not described in detail in 30 system 3 (via connection 93), to the illumination interpreter 

order not to obscure the present invention. system 2 (via connection 95) or could pass data directly to 

To illustrate a typical prior art graphics system, the tne combining function 34 (via connection 94). In other 

Texture Mapping system of the Lathrop 427 patent is graphics systems, the present invention would be similarly 

depicted in FIG. 2. Referring to FIG. 2, the texture mapping positioned to control the computation methods for whatever 

processor 4 includes_an_illumination va lue interpolation 35 hierarchical computation levels for graphics imaging would 

module 2, a|te^ur ^p,arame ter interpolation module-3 a be desirable. 

|texture roqk-^Sol^ nibdule 30, lilnip -map map selector In the preferred embodiment of the present invention, the 
mo~dule~28 and a combining function 34. The texture map- approach used to control the desired degree of texture 
ping processor 4 is connected to the bit-map 6 which itself quality versus rendering speed is based on a scheme wherein 
is connected to the screen monitor 16. The illumination 40 every scene is divided into several hierarchical levels. For 
value interpolation module 4 genexates-valuesiwhich typi- example, in a standard rendering pipeline an object consists 
cally include^alphavsredpblue^5nd"green values, whichliresa of a set of primitives, a primitive consists of a set of spans 
function^of the image's X and Y addresses of pixels assa- (scanline parts), and a span consists of a set of pixels. For 
ciatedwith the image which are mapped into bitmap 6. The\ each of these hierarchical levels, a different approach to 
texturey parameter interpolation module 3 generates U and Vy45 calculating the parameters of the involved points can be 
signals which are a U and V address passed to the texture \ j implemented. This is accomplished in the preferred embodi- 
look-up table module 30. The texture parameter interpola- \ \ ment of the present invention by the use of different sets of 
tion module 3 also generates map select signals which are ^ \ control signals for managing the selection of interpolation 
passed to the mip-map map selector 28, which in conjunc- \\ methods at each of these hierarchical levels, 
tiony^vith the texture look-up table module 30 generate spj The mechanism of the Adaptive Texture Mapping Con- 
texture values which are combined with the illuminating 1 troller is more fully illustrated in FIGS. 5 and 6. Referring 
values in the combining ,tocJ^oM4^ now to FIG. 5, the Adaptive Texture Mapping Controller 
bit-map^6zfor-display.^ : rhe interpolation modules 2 and 3 comprises a module for recognizing control signals which 
make use of interpolation devices as described in the asso- represent a desired texture quality for each hierarchical level 
ciated 481 patent. Referring now to FIG. 3, Lathrop in the 55 identified 150, a module for selecting an interpolation 
481 patent discloses an interpolation system for shaded method for calculating parameters of points for hierarchical 
image generation including an address generator 70 con- level 1 152, and a module for calculating parameters of 
taining an incrementer 72 and a controller 74 and which is points for hierarchical level 2 154, and additional similar 
connected to a memory controller 80 and to an electrical modules for calculating parameters of points for each of 
interpolation module 40 which is connected to a bitmap 50 60 however many levels may be defined 156. Referring now to 
which itself drives a signal generator 60. The address FIG. 6, in an exemplary implementation, the module for 
generator 70 receives object coordinates 62 from the Bus 42 recognizing control signals which represent a desired texture 
and divides higher order primitives, such as lines and quality for each hierarchical level identified 150 (in FIG. 5), 
polygons, into a sequence of per-pixel operations. lucre- is shown recognizing control signals for Epsilon and Delta 
menter element 72 transmits incremental steps along a 65 values representing two hierarchical levels 151. The module 
vector to controller element 74 which transmits step infor- for selecting an interpolation method for calculating points 
ma tion to interpolator element 40, and simultaneously trans- for hierarchical level 1 152 (in FIG. 5), is shown selecting 
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a method for calculating the end points of each span of a 
primitive 153. The module for calculating points for hier- 
archical level 2 154 (in FIG. 5), is shown selecting a method 
for calculating the pixel values on each span 155. Thus in the 
example of FIG. 6 there are only two levels indicated. In this 
example, the module for selecting an interpolation method 
for calculating the end points of each span section of a scan 
line 153 receives a set of knot parameters 160 which 
correspond to the vertices of a polygon section of the 
projected object image. An edge of the polygon is defined by 
two knots (vertices). Referring now to FIG. 7, these basic 
concepts are illustrated. An object 201 is broken up into 
primitives, usually polygons, lines etc. illustrated here as 
triangles. Triangle 202 is shown projected onto a larger 
image 203 and is shown with vertices of the triangle 208, 
209 and 210. The vertices 208, 209 and 210 of the triangle 
are also called knots. The sides of the triangle, also called 
edges, are defined by two vertices. For example, vertices 
(knots) 208 and 209 define the line (edge) 212 between 
them. Also illustrated in FIG. 7 is a scan line 205 
(representing a scan line of a CRT display), and the span 206 
of this scan line which is the portion of the scan line inside 
the triangle. The span 206 is made up of a number of pixels 
204. These pixels 204 on the span 206 are the pixels for 
which pixel values must be calculated for display on the 
object. This concept is important in understanding the tex- 
ture mapping process employed because the process hinges 
on some means of defining, for a fixed point on a geometri- 
cal object, parameters belonging to the parameter coordinate 
space. This' process begins ''wim'^he-ini^alnbrntog^of'thV 30 
t^Sffire* m a Pj^JpjJ^ 
coor&naters]Ja^ 

points are chosen, called knots, and for every point in this 
set, appropriate parameters are defined. Any number of 
knots greater than one can be used to define an object for 
processing purposes. Current graphics systems typically use 
only two knots in the interpolating computation of mapping 
coordinates. This is because in current computer graphics 
systems, all information is eventually reduced to individual 
scanlines, and only a two-knot interpolating scheme is 
needed to define the intermediate points along the scanline. 
Additionally, there exist several methods which can reduce 
any trivariate or higher interpolation method down to a 
composition using only two knot paints with appropriate 
additional information. Those skilled in these arts will 45 
recognize that although the descriptions included herein are 
in terms of two knot interpolation methods, the present 
invention may be practiced with various other configura- 
tions. 

Referring now to FIG. 8, the preferred embodiment of the 
detail calculations of the present invention, as used in the 
modules to control the selection of various interpolation 
methods for each exemplary hierarchical level are illus- 
trated. The level 1 process begins with the step of obtaining 
the objects knot parameters 302. Initially, the distance 
between each set of knot parameters is calculated 304. Those 
skilled in the art will recognize that this "distance" may be 
defined in a number of ways, that is Euclidean, Manhattan, 
minimum, maximum, integral, etc. In general, dist(Sj, is 
the distance between set S t and set S 2 . Having calculated the 
distances between all pairs of knot parameters, the maxi- 
mum of these distances is compared to the first set of control 
signals l 0 and | r 306. If "MAX {dist JtMar }<^ 0 " 308 then the 
parameters of every internal point on the edge (which points 
define the end points of a span of a scan line) defined by two 
knots, are set to the "average" of the knot parameters. 310 
In the preferred embodiment, this "average" is calculated as 



the arithmetic mean of the two knot values. Those skilled in 
the art will recognize that other methods may be used to 
calculate this "average". If this leg 310 of the interpolation 
method selection is chosen, the next step in the process is to 
calculate the first and last points (the end points) of each 
span 318. However, before proceeding to describe this level 
2 step 318 and those that follow, the alternate legs of the test 
for the maximum distance between knot points in the level 
1 section are described. If "£ 0 iMAX {dist^Ji^" 314 
then the parameters of every internal point on the edge 
(which points define the end points of a span of a scan line) 
defined by two knots, are calculated as merely a linear 
combination of the two knot points 316. In the preferred 
embodiment the linear combination is calculated as follows: 
T(i)~T(i- l)+ot * DELTA, 
for i=0, 1, . . . , n-1; 
where 

T(0) — is an edge first vertex parameter, 
T(n-1) — is an edge second vertex parameter; 
T(i) — is the parameter of the i-internal point of the edge; 
a — is a constant coefficient is equal 1/n; 
n — is an number of the points in the edge; 
DELTA— is equal T(n-1)-T(0). 
Those skilled in the art will recognize that other methods for 
calculating a "linear combination" of the knot points may be 
used. 

If "MAX {dist^,}^" 309, then the first and last point 
of each span is calculated with the best parameter algorithm 
available 311. In the preferred embodiment, the "best param- 
eter algorithm available" is the following: 
T(i)-NUM(i)/DENOM (i), 
mjM(i)-NUM(i-l)+a*DELTA_NUM, 
DENOM(i)=DENOM(i-l)+a*DELTA_DENOM, 
i-0, 1, . . . , n-1; 
where 

T(0) — is an edge first vertex parameter, 
T(n-1) — is an edge second vertex parameter; 
T(i) — is the parameter of the ith-internal point of the 
edge; 

a — is a constant coefficient is equal 1/n; 
n — is the number of the points in the edge; 
NUM(i) — is a numerator of the ith-intemal point of the 
edge; 

NUM(0)— is equal to T(0)/W(0); 

DENOM(i) — is the denominator of the ith-internal point 

of the edge; 
DENOM(O) — is equal to T(0)/W(0); 
DELTA^NUM— is equal to T(n-1)/W(n-1)-T(0)/W(0); 
DELTA^_DENOM — is equal to 1/W(n-1)-1/W(0). 
Those skilled in the art will recognize that other similar 
algorithms may be used. 

Having determined the parameters for the end points of all 
spans desired to be used in this texture rendering process, the 
interpolation selection module of the present invention then 
proceeds to the next hierarchical level in this example, the 
60 selection of parameters for pixels on each span required for 
the desired texture quality. These selections are made based 
upon another set of control signals, for example 6 0 and 6 r 
As in the previous calculation, the first step is to compute the 
distance between the end points of each span 318. Next the 
65 maximum distance for a span is found 320 and compared to 
the control signals 6 0 and 6 l7 to select an appropriate 
interpolation scheme. If "MAX {dist jpfln }<6 0 " the param- 
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eters of every internal point (every pixel) on the span are set 
to the average of the span end point parameters 324. In the 
preferred embodiment, the "average" is the arithmetic mean. 
If "8 0 £MAX {dist^Jioy 326 then the parameters of 
every internal point (every pixel) on the span are set to a 
linear combination of the span end point values 328. In the 
preferred embodiment, the "linear combination of the span 
end point values" is calculated as follows: 

T(i)-T(i-l)+a* DELTA, 

i=0, 1, . . . , n-1; 
where 

T(0) — is a span's start point parameters; 

T(n-1) — is a span's end point parameters; 

T(i) — is the parameter of the ith-internal point of the span; 

a — is a constant coefficient is equal 1/n; 

n — is the number of the points in the span; 

DELTA — is equal to T(n-1)-T(0). 

If "MAX {dist irpfl „}>8 J w 330 then the parameters of every 
internal point (every pixel) on the span are computed using 
the best parameter algorithm available 332. In this case, the 
"best parameter algorithm available" is as follows: 

T(i)=.NUM(i)/DENOM (i), 

NUM(i)-NUM(i-l)+a*DELTAJWM ( 

DENOM(i>DENOM(i-l)+a*DELTA_DENOM, 

i=0, 1, . . . , n-1; 
where 

T(0) — is a span's start point parameter, 

T(n-1) — is a span's end point parameter, 

T(i) — is the parameter of the ith-internal point of the 

current span; 
a — is a constant coefficient is equal 1/n; 
n — is an number of the points in the current span; 
NUM(i) — is a numerator of the ith-internal point of the 

current span; 
NUM(0)— is equal T(0)/W(0); 

DENOM(i) — is a denominator of the i-intemal point of 
the current span; 

DENOM(O) — is equal T(0)/W(0); 

DELTA__NUM — is equal T(n-1)/W(n-1)-T(0)/W(0); 

DELTA^DENOM— is equal 1/W(n-1)-I/W(0). 

Those skilled in these arts will realize that currently, most 
hardware algorithms use a linear interpolation along each 
primitive edge to find the parameters for the first and last 
points of each span. This would correlate to control signal 
values in the described example of the present invention of 
§ 0 =0, and ^eoo. To achieve tie highest quality (but slowest 
performance), control signal values of lo^li^O, and 
So^o^O would be chosen. Intermediate values for the 
epsilon and delta control signals will dynamically modify 
the texture quality/rendering performance scenario, while 
giving the user more control of the texturing process than 
previously available in hard coded algorithms. It will be 
recognized that extensions of this model could include 
multi-knot parameter computations, such as higher order 
polynomials and non-linear interpolation. 

While the invention has been described in conjunction 
with a preferred embodiment, it is evident that numerous 
alternatives, modifications and variations and uses will be 
evident to those skilled in the art in light of the foregoing 
description. 

What is claimed is: 

1. In a computer graphics system for generating and 
displaying images of objects on a display device, the images 
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including pixels having pixel values, the images being 
defined by signals representative of the pixel values, the 
system including elements for processing the signals to 
modify the images displayed on the display device 
including, interpolation elements for generating pixel values 
representative of bitmap image values, which are represen- 
tative of texture of a given object, the improvement com- 
prising an adaptive texture mapping controller which com- 
prises: 

a first mechanism configured to recognize a control signal 
representing a desired quality of texture for an image of 
an object, said desired quality of texture ranging from 
a minimum to a maximum amount of texture provided 
by said graphics system, said control signal including a 
plurality of image control values that are selectable by 
a user, said plurality of image control values being 
useful in selecting a desired object image rendering 
speed and image texture quality; 

one or more linear and one or more non-linear interpo- 
lation mechanisms coupled to said first mechanism for 
selecting pixels; 

a plurality of computation mechanisms couples to said 
first mechanism for computing values representing 
image parameters for the selected pixels; 

a plurality of hierarchical levels of image parameter 
computation in which each said hierarchical level 
requires values representing image parameters to be 
calculated with a particular interpolation mechanism; 
and 

a computation method selection device, coupled to said 
first mechanism and using said control signal for select- 
ing one of said interpolation mechanisms and one of 
said plurality of computation mechanisms to be used in 
generating pixel values necessary to provide said 
desired quality of texture, said computation method 
selection device including logic mechanisms that use 
selected ones of said plurality of image control values 
for selecting one of said interpolation mechanisms for 
calculating first hierarchical level values representing 
image parameters for a first hierarchical level of image 
parameter computation, said computation method 
selection device also including logic mechanisms that 
use selected ones of said plurality of image control 
values for selecting one of said interpolation mecha- 
nisms for calculating second hierarchical level values 
representing image parameters for a second hierarchi- 
cal level of image parameter computation based upon 
said first hierarchical level values, 

whereby a user can trade-off object image rendering speed 
for object image texture quality by providing said 
control signal to the adaptive texture mapping control- 
ler. 

2. The adaptive texture mapping controller of claim 1 
wherein the logic mechanisms for selecting one of said 
interpolation mechanism for calculating first hierarchical 
level values representing image parameters for a first hier- 
archical level of image parameter computation further 
comprises, 

a logic mechanism for selecting a computation mecha- 
nism for calculating values representing image param- 
eters for end points of a span of a scan line. 

3. The adaptive texture mapping controller of claim 2 
wherein said logic mechanism for selecting a computation 
mechanism for calculating values representing image 
parameters for end points of a span of a scan line, bases said 
selection of a computation mechanism upon a relation 
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between a maximum distance between knot parameters and values representing second hierarchical level parameter 

said control signal. values for a second hierarchical level of image param- 

4. The adaptive texture mapping controller of claim 3 eter computation based upon said first hierarchical level 
wherein said maximum distance between knot parameters parameter values, 

can be a mathematical function of values representing image 5 whereby a user can trade-off object image rendering speed 

parameters of said knots. for object image texture quality by providing said 

5. The adaptive texture mapping controller of claim 1 control signal to the adaptive texture mapping control- 
wherein the logic mechanisms for selecting one of said ^ er - 

interpolation mechanism for calculating second hierarchical 9 nc method of claim 8 wherein the step of selecting one 

level values representing image parameters for a second 10 of said interpolation method for calculating values repre- 

hierarchical level of image parameter computation further senUng first hierarchical level parameter values for said first 

comprises hierarchical level of image parameter computation further 

. ' . . comprises a step of selecting an interpolation method for 

a logic mechanism for selecting a computation mecha- calculating values representing parameter values for end 

msm for calculating values representing image param- oints of a of a scan Une 

eters for selected pixels on a span of a scan line. 15 1Q ^ metho(J Qf ^ ? ^ rf &&{ 

6. The adaptive texture mapping controller of claim 5 an inteipo i ation method for calculating values representing 
wherein the logic mechanisms for selecting a computation image paramelers for end pomts of a of a scan ^ * 
mechanism for calculating values representing image bases said of 

an interpolation method upon a 

parameters for selected pixels on a span of a scan line, bases relation between a maximum ^Urnce between knot param- 

said selection of a computation mechanism upon a relation eters and said control si , 

between a maximum distance between end points of said u ^ melhod of claim 10 wherei[J said maximum 

span and said control signal. distance between values representing knot parameters can be 

7. The adaptive texture mapping manager of claim 6 a mamematical function of said values representing knot 
wherein said maximum distance between end points of said parameters 

span can be a mathematical function of values representing * 12 . The mel hod of claim 11 wherein the step of selecting 

image parameters of said end points. one of said ^01^ method for calculating values 

8 In a computer graphics system for generating and representing second hierarchical level parameter values for 

displaying images of objects on a cusplay device, the images a second hierarchical level of image parameter computation 

including pixels having pixel values the images being uprises a step of selecting one of said interpola- 

defined by signals representative of the pixel values, the 30 ^ method for calculati values ^ parameter 

system including elements for processing the signals to values for selected ixek 0D a of , xm ^ 

modify the images displayed on the display device 13. The method of claim 12 wherein the step of selecting 

including, interpolation elements for generating pixel values an interpolation method for calculating values representing 

representative of bxtmap unage values, which are represen- pa r amet er values for selected pixels on a span of a scan line! 

tative of texture of a given object, and a plurality of 3« bases a selection of an interpolation method upon a relation 

hierarchical levels m which each said hierarchical level b(5tween , maximum between end in(s of ^ 

requires values representing image parameters to be calcu- s and said conlrol ^ , 

Uted with a particular interpolation mechanism, a method 14 ^ mctbod of clai[n 13 wherein said maximum 

for variable control of texture quality for display on a given distaDC6 b6tween end ; nts of said can bc a math . 

graphics object, said method comprising the steps of: <° 6matical of va]ues 

representing image parameters 

providing an adaptive texture mapping controller; 0 f said end points. 

providing one or more linear and one or more non-linear 15. A computer program product embodied on a computer 
interpolation methods coupled to said adaptive texture usable medium for controlling speed and quality of texture 
mapping controller for computing values representing 45 mapping rendered by a computer graphics system for gen- 
image parameters; recognizing by said adaptive texture erating and displaying images of objects on a display device, 
mapping controller, a control signal representing a the images including pixels having pixel values, the images 
desired quality of texture for an image of an object, said being defined by signals representative of the pixel values, 
desired quality of texture ranging from minimum tex- the system including elements for processing the signals to 
ture to a maximum amount of texture provided by said $Q modify the images displayed on the display device 
graphics system, said control signal includes a plurality including, interpolation elements for generating pixel values 
of image control values selectable by a user in order to representative of bitmap image values, which are represen- 
select a desired object image rendering speed and tative of texture of a given object, said computer program 
image texture quality; product comprising: 

using selected ones of said plurality of image control 55 aa adaptive texture mapping controller, 

values included in said control signal for selecting one one or more linear and one or more non-linear interpo- 

of said interpolation methods to be used in generating lation mechanisms coupled to said adaptive texture 

pixel values necessary to provide said desired quality of mapping controller for selecting pixels; 

texture, said selected interpolation method calculates a plurality of computation mechanisms coupled to said 

values representing first hierarchical level parameter 60 adaptive texture mapping controller for computing val- 

values for a first hierarchical level of image parameter ues representing image parameters for selected pixels; 

computation: and a plurality of hierarchical levels in which each said 

using selected ones of said plurality of image control hierarchical level requires values representing image 

values included in said control signal for selecting one parameters to be calculated with a particular interpo- 

of said interpolation methods to be used in generating 65 lation mechanism; 

pixel values necessary to provide said desired quality of a first mechanism configured to permit said adaptive 

texture, said selected interpolation method calculates texture mapping controller to recognize a control signal 
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representing a desired quality of texture which is to be mechanism for calculating values representing parameter 

mapped to an object image, said desired quality of values for end points of a span of a scan line. 

texture ranging from minimum to a maximum amount 17. The computer program product of claim 16 wherein 

of texture provided by said graphics system, said con- the fourth mechanism configured to select an interpolation 

trol signal includes a plurality of image control values 5 mec hanism for calculating values representing parameter 

selectable by a user, said plurality of image control values for end points of a span of a ^ ^ bases a 

values being useful in selecting a desired object image selcction of afl intc lation mcchanisms upon a rclatioD 

rendering speed and image texture quality said first bctween a maxiimim distance bctwccQ valu * cnti 

mechanism includes a third mechanism configured to knQt eters and ^ control si L S 

permit the selection ot an interpolation mechanism for 10 1Q ™„ , „ j , * i • L 

I • ill t I**- rhe computer program product of claim 17 wherein 

calculating first hierarchical level values representing -j m ™ m „ m A - * £♦ i . * L 

. ° i r fr- said maximum distance between knot parameters can be a 

parameter values for a first hierarchical level of image A t . , . r . 

r . . • j & mathematical function of said values representinc knot 

parameter computation; and . * 4 t? ^ JWI 

parameters. 

a second mechanism configured to permit said adaptive 19. xh e computer program product of claim 15 wherein 

texture mapping controller to use said control signal for 15 said fifm mechaaism configu^ to m interpolation 

selecting one of said interpolation mechanisms and one mechanism for calculating values representing second hier- 

of said plurality of computation mechanisms to be used archical level paramet e r values for a second hierarchical 

in generating pixel values necessary to provide said lcvcl of image param eter computation further comprises a 

desired quality of texture, said second mechanism sixth mechanism configured to select an interpolation 

includes a fifth mechanism configured to select an 20 mechanism for calculating va lues representing parameter 

interpolation mechanism for calculating second hierar- values for selected pixels on a span of a scan line, 

chical level values representing parameter values for a 2 0. The computer program product of claim 19 wherein 

second hierarchical level of image parameter compu- said ^th mechanism configured to select an interpolation 

tation based upon said first hierarchical level values, mechanism for calculating values representing parameter 

whereby a user can trade-ofT object image rendering speed 25 values for selected pixels on a span of a scan line, bases a 

for object image texture quality by providing said selection of an interpolation mechanism upon a relation 

control signal to the adaptive texture mapping control- between a maximum distance between values representing 

let. end points of said span and said control signal. 

16. The computer program product of claim 15 wherein 21. The computer program product of claim 20 wherein 

the third mechanism configured to permit the selection of an 30 said maximum distance between values representing end 

interpolation mechanism for calculating values representing points of said span can be a mathematical function of values 

first hierarchical level parameter values for a first hierarchi- representing parameters of said end points, 
cal level of image parameter computation further comprises 

a fourth mechanism configured to select an interpolation ***** 
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